Abstract-Application of surface plasmon resonance (SPR) in sensing heavy metal ions has been emerged since more than a decade ago. A wide range of active layers or recognition elements (e.g. polymer, protein, nanoparticles) have been developed to combine with SPR. The detection limit, sensitivity and selectivity of SPR sensing in heavy metal ions have been improved from time to time, until today. Different advancements on active layers or recognition elements have been discussed in detail and arranged in the order of their chronological evolution. The present study may provide researchers valuable information regarding novel optical sensor for heavy metal ion detection and hence for further research and development.
close to lead and mercury as one of the top toxic substances [6] . Acute cadmium toxicity from the ingestion of high contaminated beverages causes severe irr itation to the gastrointestinal epithelium and symptoms includes nausea, vomiting and abdominal pain. On the other hand, over doses of copper can cause anemia, liver and kidney damage, nausea, vomiting, abdominal pain, and gastrointestinal distress [7] .
Acute zinc toxicity in humans causes severe irritation to the gastrointestinal, as well as fever, chest pain, chills, cough, dyspnea, nausea, muscles soreness, fatigue and leukocytosis.
In Malaysia, heavy metal pollution has grown in a dangerous level. This has been proved from a survey conducted 
III. SPR FOR REA VY METAL IONS DETECTION
The phenomenon of SPR was discovered since over a century ago when Wood (1902) flIst described the phenomenon of anomalous diffraction gratings due to the excitation of surface plasma waves [9] . The most important breakthrough of SPR occurred in 1983 where the flISt sensing application of SPR technique was reported by Liedberg et al. [20] . They demonstrated that this gold nanoparticle-based Hg2+ SPR sensor resulted in a detection limit down to 5 oM of Hg2+ and also exhibited excellent selectivity over a spectrum of interference metal ions.
Recently, our research group has developed a rapid, simple and high performance SPR sensor for detection of Hg2+ and Cu2+ by introducing a thin crosslinked chitosan layer onto a gold film [21] . The crosslinked chitosan active layer was easily prepared using spin coating technique within a short period of time, i.e. less than a minute. The gold/crosslinked chitosan interface is highly sensitive for both heavy metal ions with detection limit 500 ppb. The study has been further extended to essential metal ions with potential for toxicity: Cu2+, Zn2+ and Mn2+ [22] . The high detection accuracy was obtained for this sensor. For this sensor layer, the sensitivity for the studied metal ions is in the following order: Cu2+ > Zn2+ > Mn2+. Also, the study has been expanded to analyze Pb(II) ion sensing with concentration of 0.5-100 ppm [23] . The most recent advancement from our research group is the new discovery of immobilize p tert-butyIcalix [4] arene-tetrakis in chitosan thin film as an active layer for surface plasmon resonance to increase the sensitivity and selectivi� of Pb2+ sensor [24] . By using this novel sensor layer, the Pb + concentration range from 30 ppb to 5 ppm can be quantified. Furthermore, Pb2+ can be selectively detected in the presence of other heavy metal ions using this optical sensor [25] .
The list heavy metal ions that can been detected using SPR optical sensor, the active layer or recognition molecules used and the detection limit or the range for sensing the heavy metal ion, is summarized in Table I . 
IV.

CONCLUSION
The emerging trends of SPR as an alternative for sensing heavy metal ion has been outlined and discussed. This includes the fmdings of our research group to contribute in this area. We expect that the progress in SPR sensor technology will further improve detection abilities of SPR and hence allow fast, cost effective, sensitive and selective analysis in sensing heavy metal ions. The positive development in SPR will increase the potential to integrate SPR in point of care devices in the future, which would be important in environmental monitoring.
Undoubtedly, SPR will become one of the most important sensors for heavy metal ions in the future.
